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(54) METHOD FOR REVERSE DEFORMATION AGAINST MOLDING SHRINKAGE IN MOLD DESIGN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for reverse 
deformation against a molding shrinkage in a mold design which can 
improve the efficiency of the design and manufacture of a mold. 
SOLUTION: In this method, the mold design is executed by using a 
CAD/CAM system equipped with a means for deformation which 
scales a three-dimensional model prepared by three-dimensional 
CAD, according to prescribed coefficients. The method has a first 
process of setting an enlargement ratio for the coordinate axes of 
X, Y and Z and for the arcuate radius of a rotating body, a second 
process wherein the shapes satisfying the shape conditions of a 
cylindrical surface and a conical surface of the rotating body are 
extracted from the objective three-dimensional model and are 
stored, a third process of applying a scaling deformation processing 
to the coordinate axes of X, Y and Z, a fourth process of extracting 
the shapes wherein the shape conditions of the cylindrical surface 
and the conical surface are not satisfied according to the scaling 
deformation processing in the third process, and a fifth process 
wherein shape correction is conducted for the shapes extracted in 
the fourth process so as to approximate them to the cylindrical 
surface and the conical surface. 
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* NOTICES * 

CTPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the design approach of performing a metal mold design using CAD/CAM equipment equipped 
with the deformation means which carries out zooming of the three-dimension model created by three 
dimensional CAD according to a predetermined multiplier X, Y, and Z — with the 1 st process which sets the 
dilation ratio to the diameter of radii of body of revolution as the dilation ratio list to each axis of coordinates 
The 2nd process which extracts and memorizes the configuration with which are satisfied of the configuration 
conditions of the cylinder side which is body of revolution, and a conical surface from the target three- 
dimension model, X, Y, and Z - with the 3rd process which performs zooming deformation processing to each 
axis of coordinates The 4th process which extracts the configuration from which the configuration conditions of 
a cylinder side and a conical surface are no longer filled with zooming deformation processing of this 3rd 
process, The reverse deformation approach for the die shrinkage in the metal mold design characterized by 
having the 5th process which performs configuration amendment to the configuration extracted at this 4th 
process, and approximates a configuration to a cylinder side and a conical surface. 

[Claim 2] In the case of the projection configuration or the hole configuration where a configuration from the 
first covers 360-degree perimeter range to a medial axis, and has the shape of a cylindrical shape, and a cone 
configuration in said 5th process X, Y, and Z — with the process which carries out coordinate transformation 
using the predetermined dilation ratio to each axis of coordinates [ in / in the coordinate of a center-of-rotation 
shaft / said 1 st process ] The reverse deformation approach for the die shrinkage in the metal mold design 
according to claim 1 characterized by having the process which carries out expansion processing using the 
dilation ratio to the predetermined diameter of body-of-revolution radii in the diameter of radii. 
[Claim 3] It is the reverse deformation approach for the die shrinkage in the metal mold design according to 
claim 1 characterize by to have the process which amends the coordinate of the medial axis of a cylinder or a 
cone in order that after zooming deformation may hold the smooth connection relation when the connection 
relation between the process which inspects connection relation with a contact surface in said 5th process when 
a configuration from the first is [ a cylinder or a cone configuration ] a part , and a contact surface has touch 
smoothly . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the reverse deformation approach for the die shrinkage in the 
metal mold design which carries out reverse deformation amendment especially in consideration of the die 
shrinkage of the resin ingredient at the time of injection molding about the design approach of designing the 
mold part shape for manufacturing this model by the injection molding die, from the three-dimension model 
created by three dimensional CAD. 
[0002] 

[Description of the Prior Art] Expansion model creation which multiplied by the inverse number of the molding 
shrinkage specified as the molding material list by the process condition and the product configuration as 
material data to the three-dimension model which expresses the given product configuration with the metal 
mold design approach using the conventional three dimensional CAD, and counted upon the contraction after 
shaping is performed. Since a product contracts by the forming process in which the resin which is a molding 
material carries out cooling solidification within metal mold, this is because it is necessary to make a metal 
mold dimension greatly by die shrinkage so that a product may be settled in a predetermined dimension after 
contraction. 

[0003] Next, the solid model equivalent to the material of metal mold components is produced as a metal mold 
blank model, alignment of said expansion model is carried out to this metal mold blank model, and model data 
are piled up. furthermore, said blank model to an expansion model — difference — the product configuration 
section of calculating can generate the solid model used as a cavity as a metal mold geometry component. 
[0004] Next, the parting plane of metal mold is set up to the lump of said metal mold geometry component, and, 
generally the procedure of performing a division design is used for the slide metal mold part shape of the 
direction of mold omission over fixed side metal mold components and movable side metal mold components, 
and each undercut section. It is effectively utilizable by metal mold design in a product model by producing the 
expansion model reverse-amended by die shrinkage with such a procedure to the product model modeled by 
three dimensional CAD. 

[0005] The simple design technique of molding shrinkage of the directivity of a resin flow being disregarded, 
dealing with contraction as isotropy, and expanding uniformly with one contraction was common. 
[0006] However, the case where it takes to the advancement of a dimensional accuracy demand of a product, 
and the differential shrinkage by the directivity (they are a perpendicular direction and the direction of board 
thickness to a flow direction and flow) of a resin flow cannot be disregarded is beginning to increase. In the 
engineering plastics by which the glass fiber, the carbon fiber, etc. were added in order to reform join character 
resin and the molding material physical properties which are especially represented by nylon, the anisotropy of 
contraction is remarkable especially. To these cases, contraction which became independent to each axis of 
coordinates of X, Y, and Z is set up, and the three-dimension model deformation technique into which change a 
dilation ratio into for every shaft, and a three-dimension model is made to reverse-transform is applied. 
[0007] Pn' (Xri, Yri, Zn') can express the new coordinate after the reference point P0 (X0, Y0, Z0) at the time 
of carrying out expansion processing of the three-dimension model, and expansion processing of as opposed to 
[ when one dilation ratio of each shaft of Pn (Xn, Yn, Zn), X, Y, and Z is set to Sx, Sy and Sz, respectively ] PI 
of arbitration with the following formula. 
[0008] 
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The relation between Xn'=(Xn-X0) *Sx-X0Yn'=(Yn-Y0) *Sx-Y0Zn' =(Zn-Z0) *Sx-Z0 in addition a dilation 
ratio, and contraction is expressed with a degree type. 
[0009] Dilation ratio = 1/(1 -contraction) 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the conventional approach, in order to carry out 
coordinate count of the coordinate value of X, Y, and Z each shaft according to each dilation ratio and to 
transform a graphic form, in the case of a rotation configuration with medial axes, such as the shape of the 
shape of a cylindrical shape, a cone configuration, and a globular form, it will be in the condition that a shape 
property cannot be held as body of revolution. This condition is explained. 

[001 1] Drawing 1 is a configuration which has R beveling c in the configuration of 2mm of board thickness in 
the projection b of Hole a and a cone, and four corners. This is expanded using Sx=l .1 , Sy=2.0, and Sz=l .5 as a 
dilation ratio of X, Y, and Z each shaft. However, the dilation ratio for which it asks from actual die shrinkage 
is explained here using a big value, in order to make change condition of a configuration intelligible also about 
1.0-1.1, and the difference for every shaft orientations, although it is 0.0 to about 0.05. 
[0012] here — a hole — a — 1 — a projection — b - 1 — beveling — c ~ 1 — an ellipse — having extruded — a 
configuration — becoming — one — a ** — a medial axis — receiving — body of revolution — ****** — a shape 
property — being lost . Specifically, the cross-section configuration of the diameter phi 10mm perfect circle of 
the hole a before expansion will deform into the ellipse of 20mm (Y -axis) of long sides, and 1 1mm of shorter 
sides (X-axis). Projection b and R beveling c become an ellipse similarly. 

[0013] For this reason, when using an expansion model in the condition of this as, the following problem occurs 
in a design and manufacture of metal mold. 

[0014] 1) The topographic contour plot side which projects and creates a three-dimension model becomes 
complicated. Dimension directions were easily possible for body of revolution, such as the shape of a usual 
cylindrical shape, for the coordinate value and circle diameter of a medial axis at drafting specification, such as 
JIS. However, to an elliptical part, the special drawing directions of directions of a long side and a shorter side 
etc. are needed, and there is a problem which worsens drafting effectiveness. 

[0015] 2) Hole processing and contour milling become difficult. In hole processing, in cylindrical shape-like 
processing, it is easily processible by machining processing of a milling machine etc. using rotation tools, such 
as a drill and a reamer. However, in the case of an ellipsoid, the contour milling by the end mill is needed, and 
processing effectiveness gets worse. Furthermore, NC control machine more than coincidence biaxial will be 
needed, and the machine tool to be used will also narrow the selection range of a metal mold processing 
machine. Moreover, in the case of contour milling, in the case of-like [ cylindrical shape ], it can be managed 
with one circular interpolation command to an NC machine tool, but in the case of an ellipse profile, NC data 
which carried out division approximation are needed for a straight line or radii. For this reason, while the time 
amount which NC program activity for processing takes also increases, NC amount of data also has the problem 
of becoming huge. 

[0016] As mentioned above, when using an expansion model as it is, there is a serious problem of worsening 
the working efficiency of a drafting process and a processing process remarkably. As a means of the present 
condition for preventing this, to the reverse deformation model by expansion processing, a metal mold designer 
will inspect rotation configurations, such as a hole, a projection, and a corner R part, using a three-dimensional- 
CAD function, the part which needs the shape property of body of revolution will once delete a configuration, 
and the activity of re-producing a model in a body-of-revolution configuration further will be done. 
[0017] As mentioned above, when making the partial correction of the three-dimension model, it is a problem 
that it takes the time and effort which this takes, and time amount, in order to prevent these failures - X, Y, and 
Z — also when a dilation ratio which is different on each shaft is given and expansion deformation is carried out, 
the design approach which the body-of-revolution configuration sections, such as a cylinder, a cone, and a ball, 
hold the configuration attribute as rotation ****, and carries out expansion deformation is needed. 
[0018] the place which this invention was made in view of the above-mentioned problem, and makes into the 
purpose — X, Y, and Z — when different contraction to each shaft is set up, it is in offer the reverse deformation 
approach for the die shrinkage in the metal mold design which can hold smooth connection relation with a 
contact surface in a cylinder and a conic body of revolution attribute list, and can raise the effectiveness of a 
metal mold design and manufacture. 
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[0019] 

[Means for Solving the Problem] In the design approach of performing a metal mold design using CAD/CAM 
equipment equipped with the deformation means which carries out zooming of the three-dimension model with 
which this invention was created by three dimensional CAD in order to attain the above-mentioned purpose 
according to a predetermined multiplier X, Y, and Z — with the 1 st process which sets the dilation ratio to the 
diameter of radii of body of revolution as the dilation ratio list to each axis of coordinates The 2nd process 
which extracts and memorizes the configuration with which are satisfied of the configuration conditions of the 
cylinder side which is body of revolution, and a conical surface from the target three-dimension model, X, Y, 
and Z — with the 3rd process which performs zooming deformation processing to each axis of coordinates In 
zooming deformation processing of this 3rd process, it is characterized by having the 4th process which extracts 
the configuration with which the configuration conditions of a cylinder side and a conical surface are no longer 
filled, and the 5th process which performs configuration amendment to the configuration extracted at this 4th 
process, and approximates a configuration to a cylinder side and a conical surface. 
[0020] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on an 
accompanying drawing below. 

[0021] Drawing 3 is the block diagram showing the configuration of the design equipment for enforcing this 
invention approach, and is set to this drawing. CRT whose 1 is CPU and whose 2 is a display means, and 3 The 
input sections, such as a keyboard and a mouse, ROM 4 has remembered the control program and the program 
of configuration data processing in the metal mold design of this invention to be, The data file which saves 
RAM where 5 stores various processing results temporarily, the three-dimension model which designed 6 by 
the mold-goods model beforehand produced with external equipment or this invention, and 7 are item files, and 
the parameter set up beforehand is registered. 

[0022] 8 is a communication line and the CAD/CAM equipment 1 0 which performs a components design 
metallurgy die design is connected by LAN. 9 is a bus line. In storage lists, such as a FUROPI disk and CD- 
ROM, 1 1 is a storage and keeps the program of this invention. 

[0023] Explanation of operation by design equipment equipped with the above configuration is given with 
reference to drawing 4 - drawing 12. 

[0024] Drawing 4 is an outline flowchart which shows the design procedure in the reverse deformation 
approach for the die shrinkage in the metal mold design of this invention. By this approach, a three-dimension 
components model is displayed on the indicating equipment 2 of a certain mold components design equipment 
used by this invention, and the designer of metal mold chooses the model used as the expansion processing 
object for reverse deformation from the inside of the three-dimension model displayed at step SI of drawing 4 
with the input unit of mouse 3 grade first. 

[0025] next, the step S2 ~ X, Y, and Z — the dilation ratios Sx, Sy, and Sz for every shaft — the designer of 
metal mold specifies the dilation ratio Sr of the diameter of body of revolution with the input unit of keyboard 3 
grade further. Moreover, the zero coordinate location P0 (X0, Y0, Z0) at the time of expansion also specifies it 
as coincidence. 

[0026] Based on the input data of steps S1-S2, CPU1 performs expansion processing at step 3 based on the 
coordinate operation of a model to an assignment model. Finally, by step 4, the reverse deformation model after 
expansion processing is displayed on CRT2, and processing is completed. 

[0027] Next, an example of expansion processing of said step S3 is explained in detail using drawing 5 . 
[0028] First, the field which serves as an expansion processing object from an assignment model by step S3.1 is 
chosen per 1 st page. 

[0029] Next, step S3. 2 performs the configuration classification of a view side. A view side is classified into 
surface of revolution with one center-of-rotation shaft, such as a cylinder side and a conical surface, and the 
general surface which is other nonrotation objects. In the case of surface of revolution, expansion processing of 
the body of revolution of steps S3.4-S3.6 is performed. Moreover, in the case of the other general surface, it 
becomes processing of step S3. 4. 

[0030] Drawing 6 is the example of a classification of a field. The field 1 of * mark in drawing - a field 7 are 
surface of revolution. The projection of the hole of a field 1 and the cone of fields 2-3 is an example from which 
surface of revolution is made to 360-degree perimeter to the revolving shaft. Fields 4-7 are the examples of the 
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field which consists of a part of surface of revolution. Moreover, the fields 8-13 of the-less mark are the general 
surface of a nonrotation side configuration. 

[0031] Next, the coordinate after expansion of a nonrotation configuration is searched for by step S3. 3. 
[0032] Drawing 7 is the example showing one relation of each coordinate value of P' after Pn and expansion of 
arbitration, when the field which expanded the view side d is field d\ Pn' (Xn', Yn', Zn f ) can express the new 
coordinate after the reference point P0 (X0, Y0, Z0) at the time of carrying out expansion processing of the 
three-dimension model, and expansion processing of as opposed to [ when one dilation ratio of each shaft of Pn 
(Xn, Yn, Zn), X, Y, and Z is set to Sx, Sy and Sz, respectively ] Pn of arbitration with the following formula. 
[0033] 

HEJAMPU [ processing ] step S3.7 after asking for the coordinate data after Xn'=(Xn-X0) *Sx-X0Yn'=(Yn-Y0) 
*Sx-Y0Zn' =(Zn-Z0) *Sx-Z0 expansion. 

[0034] Next, the processing to the surface of revolution of steps S3.4-S3.6 is explained. 

[0035] First, the medial-axis list of surface of revolution is asked for the coordinate value after expansion of the 
diameter of rotation by step S3. 4. 

[0036] Drawing 8 is drawing explaining expansion processing of surface of revolution. The field e in drawing is 
the example of the surface of revolution used as the candidate for expansion. Field e is surface of revolution, the 
both-ends point of a revolving shaft and phiD are Ps(es) (Xs, Ys, Zs), and Pe (Xe, Ye, Ze) is a radius of 
gyration. Field e is changed into field e' by expansion processing, and, as for Ps, Pe, and phiD, P's (Xs 1 , Ys', 
Zs'), P'e (Xe', Ye', Ze'), and phiD' corresponds, respectively. Transformation turns into a bottom type. 
[0037] 

Adjacency with a contact surface is investigated at Xs'=(Xs-X0) *Sx-X0Ys'=(Ys-Y0) *Sx-Y0Zs'=(Zs-Z0) *Sx- 
Z0Xe'=(Xe-X0) *Sx-X0Ye' =(Ye-Y0) *Sx-Y0Ze'=(Ze-Z0) *Sx-Z0phiD' =phiD*Sr, next step S3.5. In the case 
of the conditions connected smoothly, step S3. 6 is processed. Moreover, HEJAMPU step S3. 7 when not 
fulfilling conditions. 

[0038] Drawing 9 is an example connected smoothly. Field f has a common tangential plane on a field 
boundary to a contact surface h. Field f has smooth connection conditions to Field g similarly. 
[0039] Next, step S3. 6 amends the coordinate of a center-of-rotation shaft. 

[0040] Drawing 10 is drawing for explaining the need for stem correction. The model configuration of drawing 
10 is drawing which looked at drawing 9 from XY flat surface. 

[0041] The target field f is body of revolution with a medial axis Lc (the coordinates in each XY flat surface are 
Xc and Yc, and are segments parallel to the Z-axis), and has connected contact surfaces h and g smoothly, here 
— X — Y — each — shaft orientations — a dilation ratio — Sx — Sy — or — rotation — a path — receiving — a 
dilation ratio — all — being the same — a value — it is not — a case — setting — expansion — the back — a field — 
f ~ 1 — the smooth connection relation between contact surface h' after expansion, and g' — collapsing . in 
addition — although it is a reference configuration — fe in drawing — radii — XY shaft — it is a configuration at 
the time of expanding unequally and carrying out ellipse conversion. Elliptical has a problem on drafting and 
metal mold processing as mentioned above, and makes conversion to elliptical improper in this invention. For 
this reason, after expansion deformation maintains smooth adjacency from the first, and in this example, a 
medial axis is amended so that the cross-section configuration in XY flat surface may serve as radii. 
[0042] Drawing 1 1 is the example of amendment of a medial axis, drawing — inside — a contact surface — h — g 
~ expansion — conversion — the back — a field — h — 1 — g — ' — from — expansion — the back — a radius of 
gyration — R — 1 — having offset — a field — h — " — g — 11 — an intersection — L"C — amendment — the back — a 
medial axis — ** — carrying out — radius-of- gyration R* — surface of revolution — rewriting . 
[0043] Above, expansion processing of the field for one to which its attention was paid is completed. 
[0044] Furthermore, HEJAMPU [ it inspects whether expansion processing was performed to the whole surface 
of a selection model by step S3. 8, and ] step S3. 9 when there is an unsettled side and the whole surface is 
completed to step S3.1. 

[0045] A field configuration connects step S3. 9 and it is doubling processing. In processing to the 
aforementioned steps S3. 1 -S3. 7, since expansion processing has been performed per 1st page of view, the 
crossover and clearance between contact surface coincidence occur. By extending or contracting contact surface 
coincidence, eye ** is performed for a clearance and the configuration of a three-dimension model is prepared. 
[0046] the above step — X, Y, and Z — even when the dilation ratio of a different value to each shaft is set up, 
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while holding the shape property of body of revolution to body of revolution, it becomes producible [ the 

reverse deformation model holding connection relation with a contact surface ]. 

[0047] 

[Effect of the Invention] In the design approach of performing a metal mold design using CAD/CAM 
equipment equipped with the deformation means which carries out zooming of the three-dimension model 
created by three dimensional CAD according to a predetermined multiplier by the above explanation according 
to this invention so that clearly X, Y, and Z — with the 1st process which sets the dilation ratio to the diameter 
of radii of body of revolution as the dilation ratio list to each axis of coordinates The 2nd process which extracts 
and memorizes the configuration with which are satisfied of the configuration conditions of the cylinder side 
which is body of revolution, and a conical surface from the target three-dimension model, X, Y, and Z — with 
the 3rd process which performs zooming deformation processing to each axis of coordinates The 4th process 
which extracts the configuration from which the configuration conditions of a cylinder side and a conical 
surface are no longer filled with zooming deformation processing of this 3rd process, Since it had the 5th 
process which performs configuration amendment to the configuration extracted at this 4th process, and 
approximates a configuration to a cylinder side and a conical surface, X, Y, and Z — when different contraction 
to each shaft is set up, the effectiveness that smooth connection relation with a contact surface can be held in a 
cylinder and a conic body-of-revolution attribute list, and the effectiveness of a metal mold design and 
manufacture can be raised to them is acquired. 

[Translation done.] 
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[Drawing 5] 
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[Drawing 10] 
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^^^^T^feCDT^^o 40 
[0 0 0 2] 

#>T&-5. so 



[0003] &\z, ^sBBftoKW^wa-rayuy k 

[0 0 0 4] «JE&a!»tt«fl©*K»LT*ai 

l^nt^S. 5fr3MlIfc<£ 0, 3*SCADT 

[0 0 0 5] jftTgiRSm*. «tBSl«)^it«j|fll 
[0 0 0 6] SiBO^ffi«SB*oKftft«r 

X, Y, ZflDftiKliW^WUTaAL 
fib, tt«fcte^:**XAT3*7c : e'r;i/*i»««*-fr 

[0007] 3 ^Tc^x^srffi^flia-rsRoaqs^p 

0 (X0, Y0, Z0) , ttfOljftPn (Xn, Y 
n, Zn) , X, Y, Z <D Z^tl-ZtlS 
x, Sy, Sz£*r£<h, P 1 \Ztt-?Z>Wk*V!M&V>W\ 
fcttJSWiPn' (Xn'.Yn'.Zn') teTI2<£> 

[0 0 0 8] 
Xn' = (Xn-XO) *Sx-X0 
Yn' = (Yn-YO) *Sx-Y0 
Zn' = (Zn-ZO) * S x - Z 0 

[0 0 0 9] = 1/(1 -tlXfig^) 

[0 0 10] 

x, y, z§ttoigi^^n?n^$ 

0W<!: lli W Wtt/^^iC^S. CCD 

[0011] 01 ttfiJP 2 mmcD^t^i*^ a , R&£<7)^ 
fib, 4»I:RB*0c«»^«T*5. Ctl$, 
X, Y, Z^^ilt, Sx=l. 1, Sy = 
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2. 0, Sz = l. 5£ffl^Tlt*T&. it, Mffi<D 
&MiiSLffifrt>&ibZ>&*:mte> l. 0-1. l, (*36t|p3 
*<BgftK:HLTt>0. 0-0. 0 5ira§^, fl^ 

[0 0 12] ft a' , ^6b' , WOc' «t 

53 (Y«l) 2 0mm, $152 (X(H) 1 lmm^flRHf 10 
[0 0 13] Z.(DTz&, Z.<D£3i<DVimTtfc*:=£T)\'& 
[0 0 14] 1) 3#^x^£&i£LT^/&T£~^ 

[0 0 15] 2) ftifflX, *»ftlXa*BJiK:fc*. Rtt 

mmnx\z&^x, A»ix©»dttKu;u, u-v^co 
»2lDX#&B<hftO, J0X»*OT»flrr*. If:, 

■r*xfp««t)H«f 2 «i«±<bn c mwmmwmzfc 
D, AffliPX««oaK«effl«r**sci<hfr^s. 

»»UDX©»^t43^Tfe, Rf»#WJS£teNCXf£ 
(«ei<ttn«l: »*JiS(B L Ac N c t 5 - * ^ 

tzmmhrnttzttbiz. nc?*-* at 

[0 0 16] &±<D£vlZ, &tty s )l'*: J t<D*2imm 

irz>m&\** saxe, mxxm<D^mmm^mL<m 
&ftMmzmftM?%£^ofrmzftoz.t\zuz 0 

[0 0 17] l^iOct^:, 3&S*xA'£«#«IET 

z:n\zETz¥ffl£mr$t>mfr&z.£&mm 

cn^OB*€:K?±rs/j:«>H«, X, Y, Z 
£t>, Htt, n«t. 3»*OlHl<E#»««ttlHl<E*#tL 

[0 0 18] *%B^^±fBpj]i0fc^^T^^n^ : bC7) so 



t. ^oiwit-sffltt, x, y, z-tn-enowfc-w 

gz&mmmz&vz&MWffiizttirz&&&xm*M 
fc-rz>z.t\z$>2> 0 

[0 0 19] 

tf>> #589JW:. 3^7CCAD-C^^nAc3*7C^:^;i/ 
CAD/CAM^itffll^aRtttffiRB"*!*!:* 

^t, x, y, z*n*n<nmmmztt?z>w;±&$LXt 

\z^W<DWWfe\ztt^&&i^*WLtt&m 1 (oxn 
^2(DIgc, X, Y. Z-en^n<7)ffiSlftJC*tLTtS 

* • */h«»ffla*js-r»3<Dxei:. *«3©xa© 

fe$n^:<^S^««:ffltti"r*K40XSi:, K»4<D 
XSTttffl$nfc^«fC»LT^«*tiE*fT^^n«iSi: 
R«6®^^«€:affil-r**5©XSt*fllAfc^i:*1* 

[0 0 2 0] 

[5EfH<DjtJB©»IB] «T^*«W0)llttO^»«:*f* 

[0 0 2 1 ] El 3 \**Kw#&&mM?*iz*z><o&n& 

CPU, 2ttS^f9T»SCRT, 3tt*-#-K& 

rift «■ Ltz 3 ^tc * £ «#*r £ * y r -f ^ . 

[0 0 2 2] 8teMff[IJ;8iTe&Q, ffiiBR»K>&S!KH- 
^T^CAD/CAMSll 0^LANl:J:0tt«Sn 

CD-ROM^<Z>Ett«lBafetf^E«a*T*0, 

[0023] &±<Dmj&&ffizz>&#mmiz&z>mfttii 

[0024] m 4 \z*f&w<o&mmmz&v 
\zMTzm&mjym\z&v*&n¥m&ttmtoya- 

K&iSi8:fl-fiil<Z>fc^SfE 2^3 *7cgPf P ^^ 
9c-fm4<D7,Tv7S IT, ^$nfc3* 
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[0 0 2 5] fc\Z, Xf7yS2(:J:0, X, Y, Z^ 
ft*ft<O«»<0S£;*;sp S x. Sy, S z , HKIsHEttS 
<Z)fe;*:^S r * K 3 f OA^SI^iOSW 

YO, Z 0) fcl^tCtfl^fT?. 

[0 0 2 6] 7sTV~7S l~~S2<DXf}v : —9\zm-3^ 
T, Xr>^3tH ^tfJK^ILTCPUlCJ; 

v*r)i<<ommmmizm^T&xmw*ft o. mmz 

2 C^LT^I^Tt^o 10 
[0 0 2 7] B5Sffl^t»E^fy^S 3 Olfi 

[0 0 2 8] 5fc*r, ^f7^S3. 1 t^O^tfii/ 

[0 0 2 9] 2CJ:0, lr@®<Z) 

3. 6©lEl(e#:<Z)fi6*ai31$:llfT"rS. X, ^C0ftU<7^ — 
KffiODW'&tt^T-y^S 3. 4<E>#LS<h&£o 20 
[0 0 3 0] H6ttffiC0^SWTfeS. m*P<Dft$l<Dm 

i-i7«0KBW§o si^ t ®2-3coniicD 
^fittisiett^»LT3 6 o° ±m\z*tLx®Gm&fp 

[0 0 3 1] *C, ^7-7^83. 3K«fcO#Elte*tt 

[0 0 3 2] 8 7IM@ffid «r«*LfciBrtnfid * <£>^ 
&K:;fcV>Tffijt<0 1,«&P n ite^P' <Z)ftJS«ffl[(D 30 

(Dmm&PO (X0, Y0. Z0) . ttJfcGMjftPn 

(Xn, Yn, Zn) . X, Y, Z co^WKDjfi***^ 
tl-etlSx, Sy, Szit^t, Pni:»f6S*fi 
SS^Sffe^ffiS^Pn' (Xn' , Yn' , Zn' ) 

[0 0 3 3] 

Xn' = (Xn-XO) * S x-XO 

Yn' = (Yn-YO) * S x-YO 

Zn' = (Zn-ZO) *Sx-Z0 <o 
fc*|g<D&«x-* fi!ttX7:yyS3. 

7^\v?-v>^-r^o 

[0 0 3 4] *C, ^f7^S3. 4-S3. 6<BIhKE 

[0 0 3 5] ftf, ^f7^S3. 4 tC^OlDteMcT)* 

[0 0 3 6] ■8aiBll£ffi^)tt:^:ffl9$Kn a r&Htf« 

e^Ifil^MTfeO, Ps (Xs, Ys, Zs), Pe 
(Xe, Ye, Ze) l*MtRM<Dmm&* <l>Dlt*®&* so 



Heteifc^&SKciiOBe' i:«*Sn, P 



s, Pe, <*> d te-e-n-en. P* s 

Zs'), P' e (Xe' , Ye' 

[0 0 3 7] 

X s 

Y s 
Z s 
X e 

Y e 
Z e 
<J>D 



(X s 
Z e 



Y s * , 
, <f>D* 



* S x-X 0 

* S x - Y 0 

* S x - Z 0 

* S x -X 0 

* S x - Y 0 

* S x - Z 0 



= (X s -X 0) 
= (Y s - Y 0) 
= (Z s - Z 0) 
= (X e -X 0) 
= (Y e - Y 0) 
= (Z e -Z 0) 
= <t> D * S r 

2>o ie > ^Mita^«^Xf77'S 3. 6<D 

3. 7^\x-v>7 p -r^o 

[0 0 3 8] H9tt»e>AMC««"r*WC**. Sftt 

[0 0 3 9] 7fy^S3. 6 J: 0 IsKB*^!* 

[0 0 4 0] 010 \Z1&nJE<D'&m&&WlW-?%>rzlb<D 
H 1 O(7)^:T r ^^^^0 9^XY 5 F®^e>m 

[0041] fchfet&ss f tt*^«L c (fn?n© 

XY¥®fc*3tt£*ISteXc, Yc^O, ZWtC^fT 

fcftjMLT^s. cct, x, Y*n-en©«#|p]a>ifi 
i;fflT^^«^j'43^Ttt, &*&o>Bf ' 

[0 0 4 2] mil lt*foW<Di&1EWV*>Z. la^op 
8Ih, gGDi£*SJftt6<7>Bh f , g' A^IKAttOB 
K*SR' hLtzMh" , g M ©£«L M C 

•To 

[0043] jw±t, saL^iwftsoffi^saa^^ 

[0 0 4 41 HC 7fy^S3. SC^OI^f^ 
[0 0 4 5] Xf7yS3. 9te, B^ttOJUff^ 
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SttEO^x-y 3. 1-S3. 7 
ITU fg lffi*ffifC&^31^^fTLT^fefca6, 

[0 0 4 6] W^f7^:J:0. X, Y, Z^tl? 

^Pjfigtfc*. 10 

[0 0 4 7] 

&n\t* 3*Ajtc ad Tmzzntz 3 

<B«*fcfi£-3Ti£* • |g/hTS«JB*»*fll*.3CAD 

x, y, z*n*nois«iii*w»-rsie**attftia« 
xgch, x, y, z^-n-en©ffi««i^*fLTS£* ■ m 20 

/h£rafflS*«T»3<Z>X®£:, R8S 3 (DJLm<D^ • 

fC»«SrSEfla-r**5(7)XSt€:«Blx./£:>£:«), X, Y, 
Z ^nencDWl ir^f L Tgfr £ * nfc»-& 

fc*5V>Tfe, RttaVRtt©lHl(e«:JBtt*tft|»»iB<t 

[Hffi©W*^:K^] 30 

[13 1] 



8 

[ei 2] ttseaw^isiBacwt^owisrHT* 

[B3] *f&WXfe&&M?Zfr&<n%titmS<Dmj&*: 

[as] *ie^<Diaa^ffi<D--iijS6«K*5W*K»* 

[EI 6] *58?B<oiB©»«»a**lliLfc«*K*-r* 
EIT*££o 

[EI 7] **MO-aflS»«ltLT©#H(E»**lt* 
[EI 8] *«M<Z>-IIJfi^i8«i:LTO|5l(E^*$tt*fll 

[Ell 1] *%B^co-^ffi^ffi^LTOlpie«OffliE^ 



1 CPU 

2 CRT 

3 A^Jii 

4 ROM 

5 RAM 

6 f-^77<il' 

7 m7tyy-i)V 

8 ism 

9 /1*7<> 

10 CADg*® 

1 1 nmrnmRvrnw 



[MS] 



«2] 
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[13 3] 



[H4] 



CPU 



CRT 




RAM 



| CADgg 









11 



*flS5 



*®3 




®12 




1 



7 



SI 



S2 



7 



S3 



84 



[El 5] 



I 



83. 2 



YES 



S3. 7 



NO 



PO 



(7) 



1fPI2 0 0 3 - 1 1 7 9 2 5 



[i7] [010] 




